Immunohistochemistry was used to identify basement membrane components and examine their production by associated cells. Four substances were identified in a series of basement membranes in rats aged 20 days to 34 months, namely, type IV collagen, laminin, heparan sulfate proteoglycan, and fibronectin. They were then all localized to the basal lamina part of basement membranes and, presumably, are integrated within this layer. The production of type IV collagen was first examined in the embryonic endodermal cells associated with Reichert's membrane in the rat parietal yolk sac. The rough endoplasmic reticulum (rER), Golgi apparatus, and putative secretory granules of endodermal cells were immunostained, suggesting that these organelles participated in the biogenesis of type IV collagen. However, in rats aged 20 days or more, the cells associated with basement membranes were usually unstained. An exception was noted in the continually growing incisor tooth where the endothelial cells at the proliferating end usually showed immunostaining of rER and Golgi apparatus. It is, therefore, proposed that the formation of type IV collagen for basement membrane occurs at an early stage of development in the life of producer cells. Little is known of the formation of other basement membrane components during development, but there is immunohistochemical evidence that laminin and fibronectin are produced along the same secretory pathway as type IV collagen.
Basement membrane is found throughout the body as a resilient matrix separating the connective tissue stroma from epithelial and endothelial cells, muscle cells, fat cells, and the entire nervous system.
Identification of Basement Membrane Components
Because basement membrane is thin, poorly soluble, and adheres to adjacent cells, direct analysis of its components has proven difficult. For this reason, the problem has been approached by extracting substances from tissues rich in basement membrane, such as kidney glomeruli and placenta, or from tumors that produce basement membrane-like material (18) . More than five substances have been obtained in this manner, that is, type IV and V collagens, the glycoproteins laminin, fibronectin, and entactin, and proteoglycans, notably 'Presented as part of the program at the 1982 Joint Meeting of the American and Japanese Histochemical Societies, held in Vancouver, British Columbia, Canada, July 20-24, 1982. 2The original work mentioned in this article was supported by grants from the National Institutes of Health (DE05690-02) and the Medical Research Council of Canada.
'Recipient of National Fellowship Award from the Kidney Foundation of Canada. a heparan sulfate proteoglycan (18) .
To determine whether these substances are present in conventional basement membranes, the immunohistochemical approach has been used in a number of laboratories. In our laboratory, the presence of type IV collagen, laminin, heparan sulfate proteoglycan, and fibronectin was immunohistochemically investigated using monospecific (9) antisera or antibodies prepared by G.R. Martin and associates at the National Institutes of Health (NIH). Antisera or antibodies were incubated with frozen sections for light microscopy or with formaldehyde-fixed chopper slices for electron microscopy; the tissuebound antibodies were detected by the peroxidase-antiperoxidase sequence followed by diaminobenzidine and osmium tetroxide (4, 6) .
Immunostaining for type IV collagen, laminin, heparan sulfate proteoglycan, and fibronectin at the light microscopic level was carried out in a variety of organs, including duodenum, trachea, kidney, nervous system, and incisor tooth in rats aged from 20 days to 34 months. In all these sites, basement membranes showed immunostaining for the four substances. Usually, the intensity of immunostaining was strong for type IV collagen and laminin, moderate for heparan sulfate proteoglycan, and weak for fibronectin. The pattern was similar in the various age groups under study.
For electron microscopy, the basement membrane region may be divided into three layers: the lamina lucida (rara) close to the associated cells, the basal lamina (lamina densa), and a discontinuous layer containing scattered fibrous elements, the lamina or pars reticularis. To find out how the basement membrane components are organized within these layers, the epithelia of duodenum and incisor tooth were examined immunohistochemically. First, using peroxidase as label, type IV collagen, laminin, heparan sulfate proteoglycan, and fibronectin were each localized to the basal lamina part of the basement membranes (9) . Discrete immunostaining within the lamina lucida appeared to be over fine filaments extending from the basal lamina to the adjacent epithelial cells, while immunostained strands of variable width referred to as "bridges" extended from the basal lamina across the stroma to the basal laminae of nearby blood vessels and muscles (6) . For confirmation, the tooth basement membranes were reexamined using ferritin as label, with particular attention being paid to the outer enamel epithelium. In controls, ferritin particles were rare or absent ( Figure 1 ). With anti-type IV collagen antibodies, ferritin particles were localized along the basal lamina ( Figure  2 ). After immunostaining for laminin (Figure 3) , heparan sulfate proteoglycan (Figure 4) , and fibronectin ( Figure 5 ), the pattern was the same. The few particles in the lamina lucida ( Figures 3, 4) were attributed to the fine filaments extending from the basal lamina, while the particles observed in the stroma were over "bridges."
Both laminin and fibronectin have been shown to preferentially associate with type IV collagen (5,15) and heparan sulfate (15, 16) . It is likely, therefore, that the four substances are organized into an integrated complex which constitutes the basal lamina and its extensions (9) .
We shall next examine what insight immunohistochemistry has provided on the formation and deposition of basement membrane components. Most of the work has been devoted to type IV collagen.
Intracellular Elaboration of Type IV Collagen
The steps in the biogenesis of type I collagen are fairly well known. It was initially claimed that type I precursors were elaborated in the rough endoplasmic reticulum (rER) of producer cells and were then directly released to the outside (14, 17) . However, immunostaining of odontoblasts, osteoblasts, and fibroblasts demonstrated that not only the rER, but also Golgi saccule distensions and secretory granules, contained antigens to type I procollagen (4, 11) . Using radioautography after 3 H-proline injection, it was found that the label first appeared in the rER of collagen-producing cells, migrated to Golgi saccule distensions, and was carried by secretory granules outside the cell (20) . A minor proportion of the label was deviated to multivesicular bodies and lysosomes (4) . It was concluded that the precursors of type I collagen were elaborated along the classical pathway of secretory protein biogenesis, except for a fraction passing into the lysosomal system.
The initial immunohistochemical observations on the production of basement membrane components also led to the belief that basement membrane precursors were elaborated in Figures 1-5 . Localization of four basement membrane components using ferritin as label (9) . Shown is the basement membrane of cells from the outer enamel epithelium of the rat incisor tooth. The site is located 2 mm anterior to the proliferation zone of the tooth. The specificity of the antibodies and the methods used in this and Figure  7 have been described previously (9) . The sections were lightly counterstained with lead citrate, except for Figure 2 . In each figure, the basal region of an epithelial cell is seen above, and the basal lamina (BL) is faintly distinguishable below. Original magnification approximately x 100,000. Bar -100 nm.
In controls exposed to nonimmune rabbit serum, ferritin particles are not or only rarely found on the basal lamina ( Figure 1) . In contrast, a significant number of particles is present over the basal lamina after immunostaining for type IV collagen (Figure 2 ), laminin (Figure 3) , heparan sulfate proteoglycan (Figure 4 ), or fibronectin ( Figure 5) . In all cases, the lamina lucida is unreactive, except for a few particles occasionally present on filaments that pass from the basal lamina across the lamina lucida to the cell membrane (Figures 3,4) . the rER and directly released outside the cell (12) . We reexamined the problem in collaboration with G.R. Martin using the endodermal cells of the rat parietal yolk sac, which are associated with an unusually thick (5 gm) basement membrane known as Reichert's membrane. At the height of their secretory activity, that is, between days 12.5 and 14 of gestation, immunostaining for type IV collagen (8) was localized within the following organelles: rER, Golgi apparatus, and structures considered to be secretory granules (Figure 6 ), as well as in Reichert's membrane itself. The Golgi stacks were divided into a) "phosphatase-free" saccules on the cis side, b) one or two "intermediate" saccules containing nicotinamide adenine dinucleotide phosphatase activity, and c) one or two thiamine pyrophosphatase reactive saccules facing the trans region (7). Immunostaining could occur in any of these saccules. The GERL element, identified by acid phosphatase activity in the trans region (7), was the most commonly immunostained by anti-type IV collagen antibodies, as were associated structures considered to be prosecretory granules. It was proposed that these fused into larger immunostained structures found close to the cell surface adjacent to Reichert's membrane and considered to be secretory granules. It is, therefore, likely that type IV collagen, like type I collagen, is elaborated along the classical pathway of secretory protein synthesis. Immunostaining may also be observed in multivesicular bodies and secondary lysosomes ( Figure 6 ) and, therefore, some precursors of type IV collagen may be detoured to these structures, as in the case of type I collagen.
In the tissues of rats aged 20 days to 34 months, conventional basement membranes were immunostained for type IV collagen as mentioned above, but epithelial and other associated cells were mostly unstained. This finding was interpreted to mean that the cells in the organs of 20-day or older Figure 6 . Proposed pathway of biogenesis for type IV collagen (8) , laminin (10) , and fibronectin precursors in the endodermal cells of Reichert's membrane, based on immunostaining of the cells' organelles. rER MVB pro -secretory granules plasmalemma rats either were not synthesizing type IV collagen or synthesized it at such a slow rate that its precursors could not be detected by immunostaining. An exception was the continually erupting incisor tooth of 20-day-old rats. At its posterior extremity, the various cells present, particularly endothelial cells, proliferate actively, whereas more anteriorly, cell division is minimal or absent. Immunostaining of the capillaries of pump and periodontal tissues was restricted to the basement membranes in anterior sections, but was also present in the rER and Golgi apparatus of the endothelial cells in posterior sections ( Figure 7 ) (6). Thus, it was likely that the production of type IV collagen for basement membrane took place in the cells arising from mitosis in young capillaries, but was usually lacking in those of older ones. It is proposed that the synthesis of type IV collagen required to build up the basement membrane is a transient activity of the producer cells that occurs at an early stage of development soon after the cells are formed by mitosis. Thereafter, immunostaining remains in the basement membrane, but disappears from cell organelles. It has been reported that small amounts of type IV collagen are being added continually to the basement membrane of bovine retinal vessels (21) and kidney glomerulus (13) . Nevertheless, since rat basement membranes have been assigned a turnover time of over 100 days (13) or even a year (19) , any addition of new collagen to basement membrane can only occur at a very slow rate.
Production of Basement Membrane Components other than Type IV Collagen
Endodermal cells and the associated Reichert's membrane were systematically examined for the presence of laminin (10) .
Immunostaining was observed in Reichert's membrane, as well as in rER, Golgi apparatus, secretory granules, and multivesicular bodies, as in the case of type IV collagen. Thus the precursors of both type IV collagen and laminin were present in the same intracellular sites. Since the cell transit time was known to be the same for the precursors of type IV collagen [60 min (3)} and laminin [50-60 min (1)], they may be processed simultaneously. In recent work with Dr. S. Inoue, fibronectin was also localized to rER and Golgi apparatus of endodermal cells and may, therefore, be processed jointly with type IV collagen and laminin. In the case of the elaboration of laminin, heparan sulfate proteoglycan, and fibronectin for the production of conventional basement membranes, the immunostaining results suggest that synthesis by the associated cells is absent or rare in rats aged 20 days to 34 months. Ekblom (2) has stated that type IV collagen, laminin, and heparan sulfate proteoglycan arise at the same time in the basement membranes of the embryonic kidney. It may be possible, therefore, that laminin, heparan sulfate proteoglycan, and fibronectin, like type IV collagen, arise when the cells are young.
Conclusions
Type IV collagen, laminin, heparan sulfate proteoglycan, and fibronectin are present together in the basal lamina part of the basement membrane. This is in keeping with their mutual interactions, since both laminin and fibronectin bind with type IV collagen and heparan sulfate. Type IV collagen has been investigated with regard to the mode of its production. The biosynthesis of this collagen is proposed to occur in the cells associated with basement membranes along a pathway ex- Figure 7 . Immunostaining for type IV collagen precursors using peroxidase as antibody label. Shown is an endothelial cell from a periodontal capillary within the proliferation zone at the posterior end of a 20-day-old rat incisor tooth (6) . Immunostaining may be seen in some rER cisternae and one of the saccules near the trans side (tr) of a Golgi stack (G). Neither the nucleus (N) nor other cell organelles are immunostained. Original magnification x 50,000. Bar = 200 nm.
tending from the rough endoplasmic reticulum through Golgi saccules and the GERL element to secretory granules that release their content to the outside. However, evidence of production has only been observed at an early stage in the cell life. Thereafter, basement membrane collagen remains stable with little turnover.
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